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Introduction
Dietary electrolyte balance is calculated as the sum of Na and K minus Cl and is expressed in mEq/kg of diet. The manipulation of dietary electrolyte balance (dEB) to enhance lactation and reproductive performance in dairy cattle and laying hens is not a new concept. However, the effects of dEB on reproduction and lactation in sows have not been elucidated. Thus, our objective for the experiments reported herein was to determine the impact of dEB on performance of lactating sows and their litters.
Procedures
Treatment Determination. On d 109 of gestation, 30 sows (Line C 22; PIC, Franklin, KY) were assigned to lactation treatments and moved to a farrowing facility. Diets were corn-soybean meal-based (Table 1) and fed in meal form. The dEB treatments of -150, -100, 0, 100, and 200 were selected based on previous research in growing pigs. The sows were allowed ad libitum consumption of feed (four feedings per d) and water (via a nipple waterer). Orts were collected and weighed on d 7 and at weaning to allow calculation of ADFI. Litter size was standardized within 24 h postfarrowing, and all sows had at least 10 pigs after cross-fostering. Sow and piglet weights were recorded at farrowing and weaning.
Lactation Experiment. On d 110 of gestation, 153 sows (Line C 22; PIC, Franklin, KY) were assigned to lactation treatments and moved to a farrowing facility. There were six farrowing groups, with parity ranging from 1 to 4. We were careful to ensure that parity number was comparable among all treatments. Treatments were corn-soybean meal-based diets ( Table 2) with dEBs of 0, 100, 200, 350, and 500 mEq/kg. All diets were formulated to constant Ca, P, and K concentrations, and Cl and Na were changed to achieve the desired dEB treatments. The lowest dEB (0) was achieved by mixing 1.08% CaCl 2 and 1.8% HCl (6 N) into the diet. The dEB treatment of 100 had 1.0% CaCl 2 . The diets with dEBs of 200, 350, and 500 mEq/kg required additions of .08, 1.5, and 2.5% sodium bicarbonate, respectively. A typical lactation diet that is formulated to a similar nutrient profile as used in this experiment would contain a dEB of approximately 185 mEq/kg. The sows were allowed ad libitum consumption of feed (four feedings per d) and water (via a nipple waterer). Each farrowing crate was equipped with a water meter, so water disappearance could be determined. Orts were collected and weighed on d 10 and at weaning to allow calculation of ADFI.
The sows were weighed and scanned ultrasonically at the first rib, last rib, last lumbar vertebra, and off midline at the last rib (both sides) to determine weight and backfat at farrowing, d 10, and at weaning. Litter size was standardized within 24 h post-farrowing, and piglet weights were recorded at farrowing, d 10, and weaning. All sows used in the experiment had at least 10 pigs after cross fostering.
Between d 10 and 12 of lactation, approximately 75 mL of urine (midstream) was collected at 6:00 a.m. from each sow. The samples immediately were analyzed for pH and total bacteria. At d 10 to 12 of lactation (2 h after the first morning feeding), the sows were restrained with a nose snare and given .5 mL of oxytocin (via ear vein) to enhance milk letdown. A sample of about 100 mL of milk was collected from the first three productive mammary glands on each side. Milk lactose, fat, protein, and pH were determined. Finally, blood samples were collected from the sows; placed on ice; and within 20 min, were analyzed for pH, pCO 2 , pO 2 , Na, K, Cl, and Ca.
Statistical analyses were performed with sow as the experimental unit. Polynomial regression was used to describe the shape of the response to changes in dEB. Lactation length, parity, and initial litter size after crossfostering were used as covariates for analyses of weaning weight; litter weight gain; survivability of the pigs; ADFI, backfat, and BW changes; percentage return to estrus; and days to estrus for the sows. Parity and lactation length were used as covariates for number born alive in the subsequent litter. Also, parity was used as a covariate for analyses of milk chemistry.
Results and Discussion
Treatment Determination. At d 7, ADFIs were similar (10 to 11 lb/d) among sows fed the dEB treatments of 0, 100, and 200 mEq/kg. However, sows fed the lowest dEB treatments (-100 and -150 mEq/kg) had an ADFI of only of 5.3 lb/d (linear effect, P<.03). Thus, those two treatments were dropped from the experiment. The other sows were continued on their treatment diets until weaning at d 21.
Sow weight change (P>.39), litter weight gain (P>.28), and ADFI (P>.45) were not affected by the dEB treatments of 0, 100, and 200 mEq/kg. Thus, we concluded from this pilot project that to avoid depressing feed intake, the lowest dEB to use for the largerscale lactation experiment should be 0 mEq/kg. Lactation Experiment. Sow weight and backfat loss during lactation were not affected (P>.11) by dEB (Table 3) . Also, ADFI and water usage were not affected by dEB at d 10 (P > .06) and overall (P>.17).
Number of pigs (P<.04) and survivability (P<.05) of the piglets during the first 10 d of lactation increased as dEB was decreased. Similarly, number weaned (P<.01) and overall survivability (P<.02) increased with decreased dEB. The greater survivability could have been a function of greater milk output and(or) health status of the pigs as dEB was decreased. This hypothesis was supported by the slight numerical increase in litter weight gain with decreased dEB, but differences were not significant at d 10 (P>.15) or overall (P>.41). Finally, percentage of sows returning to estrus (P>.41), d to estrus (P>.15), and number born in the subsequent litter (P>.39) were not affected by dEB of the lactating diet.
Milk pH (P>.13), fat (P>.32), lactose (P>.36), and CP (P>.44) were not altered by dEB (Table 4 ). Thus, it seems unlikely that the composition and, thus, nutritional value of sow's milk can be manipulated by changing the dEB of the diet. However, blood pH (quadratic effect, P<.001), pCO 2 (linear effect, P<.001), and bicarbonate (quartic effect, P<.003) were decreased as dEB was decreased showing a direct metabolic response to differences in diet acidity.
As for blood electrolytes, Na concentrations decreased (quartic effect, P<.07) and K and Cl concentrations increased (quadratic effect, P<.04) with decreased dEB. Both ionized (quadratic effect, P<.001) and normalized (linear effect, P<.005) Ca in blood were increased with decreased dEB. This indicates greater bone mobilization with a more acidic diet. In dairy cattle, early lactation diets are formulated to low dEB to increase Ca concentrations in the blood, which helps suppress the incidence of milk fever. However, milk fever is not a known concern in lactating sows, and our data indicate no advantage in lactation performance from increased circulating concentrations of Ca.
The pH of urine (quartic effect, P<.001) and total bacterial counts were decreased with decreased dEB (linear effects, P<.03). Urinary tract disease is caused by bacteria in the reproductive tract. and acidic diets are used extensively in the pet food industry to prevent this disease. Thus, it seems plausible that acidic diets could be used to decrease urinary tract disease in afflicted sow herds.
In summary, the acid-base balance in lactating sows was influenced by dietary electrolyte balance. Decreasing dietary electrolyte balance below that of a simple-cornsoybean meal-based diet decreased urine pH and bacterial counts and increased piglet survivability and the number of pigs weaned. .3 .001
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